least five repeats using the MIcroSAtellite identification tool (MISA; Thiel et al., 2003 ; http://pgrc.ipk-gatersleben.de/misa/misa.html). We selected 40 loci with perfect (uninterrupted) microsatellites and a repeat size of four to six base pairs for testing. Primers were designed using the Primer3 plugin in Geneious R7.1.9 (created by BioMatters, http://www.geneious.com/).
On a subset of eight specimens of C. aculeata, 24 primer pairs amplified successfully and showed significant variability. Single PCR reactions were performed using illustra PuReTaq Ready-To-Go PCR Beads (GE Healthcare, Little Chalfont, Buckinghamshire, England) according to the manufacturer's protocol with the following conditions: denaturation for 5 min at 95°C; followed by 10 cycles of 1 min at 94°C, 1 min at 65-57°C (touchdown of −1° per cycle), and 1 min at 72°C; followed by 20 cycles of 1 min at 94°C and 1 min at 54, 53, or 52°C (depending on primer pair); and a final extension of 10 min at 72°C. The 24 primer pairs were also tested in PCR reactions with three axenic cultures of Trebouxia jamesii (Hildreth & Ahmadjian) Gärtner, a photobiont of C. aculeata, isolated from specimens from Antarctica, Spain, and Germany. Eight primer pairs produced PCR products with at least one of the cultures and were discarded. The remaining 16 primer pairs were assumed to be fungal specific. Forward primers were labeled with fluorescent dyes and used in multiplex PCRs with the Type-It Multiplex Kit (QIAGEN). PCR reactions were performed in a total volume of 25 μL, which contained 12.5 μL of Type-It Multiplex PCR Master Mix, 2.5 μL of primer mix, 5 μL of RNA-free water, and 5 μL of sample DNA. The PCR conditions were set to: denaturation for 5 min at 95°C; followed by five cycles of 30 s at 95°C, 90 s at 57°C, and 30 s at 72°C; then 15 cycles of 
Note: 0 = locus did not amplify; 1 = locus amplified in a single specimen; 2 = locus amplified in two specimens tested.
30 s at 95°C, 90 s at 55°C, and 30 s at 72°C; then 10 cycles of 30 s at 95°C, 90 s at 54°C, and 30 s at 72°C; and 10 cycles of 30 s at 95°C, 90 s at 53°C, and 30 s at 72°C; with a final extension of 30 min at 60°C. One more primer pair was eliminated, as it yielded products of inconsistent size. A data set of 81 specimens of C. aculeata was used to test the amplification rates and the variability of selected microsatellite loci. The data set consisted of four populations of 10 to 24 individuals collected in Spain (Appendix 1). Sequences and primers were submitted to GenBank (Table 1) . Alleles were sized using GeneMarker version 1.90 (SoftGenetics, State College, Pennsylvania, USA). The variability of the microsatellite loci was measured by counting the number of alleles and calculating Nei's unbiased gene diversity using GenAlEx 6.5 (Peakall and Smouse, 2012) .
The microsatellite markers CA01-CA09 showed an amplification rate of 100%. CA10 amplified in 85% of the samples (Table 1) . Tetranucleotide microsatellites (six out of 10) were the most common microsatellite motif. The microsatellite loci showed between four (CA05) and 13 (CA06) alleles per locus, with a mean of 7.9 and average gene diversities between 0.40 and 0.73 across four populations ( Table 2 ). The other five markers (CA11-CA15) were not considered for the statistical analysis due to lower amplification rates. The primers developed were also tested for cross-species amplification with specimens of C. muricata (Ach.) Eckfeldt, C. crespoae (Barreno & Vázquez) Kärnefelt, C. odontella (Ach.) Ach., C. australiensis W. A. Weber ex Kärnefelt, and the still undescribed C. "panamericana" (listed in Appendix 1). The polymorphic markers CA01-CA10 successfully amplified in all the species, except for locus CA05 in C. australiensis and C. "panamericana," and locus CA10 in C. australiensis (Table 3). Linkage disequilibrium in pairwise combinations of the loci within populations and across the total sample was tested using GENEPOP 4.2 (Raymond and Rousset, 1995) . Holm-Bonferroni sequential correction of P values (Holm, 1979) using the implementation by Gaetano (2013) and a significance threshold of 0.05 resulted in nine significant deviations from linkage equilibrium out of 45 pairwise comparisons across all populations. The deviations involved all loci except CA06 and CA10. Only five out of 171 pairwise comparisons within populations showed significant deviation from linkage equilibrium. These deviations are more likely explained by the predominantly clonal reproduction of C. aculeata or population structure than by physical linkage of microsatellite loci.
CONCLUSIONS
The microsatellite markers developed here will facilitate the studies of genetic diversity and population structure of C. aculeata along geographic and bioclimatic gradients. These studies will increase our understanding of dispersal patterns and local adaptation in lichens. The fact that primers amplify across a broader range of species may also contribute to a better understanding of species boundaries and speciation within the genus. 
